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[571 ABSTRACT 

An asynchronous Memory Store Sequencer (MSS) for 
processing information between Main Memory Store 
(MMS) and a Central Processing Unit (CPU) or Input 
Output Control unit (10C), and for resolving con?icts 
for memory access between the CPU and the 10C. 
The MSS interfaces with four Main Memory Modules 
which may be two-way or four-way interleaved. Infor 
mation is generally processed from or to the CP via a 
high-speed low-capacity Buffer Store, whereas infor 
mation from or to the 10C is processed direct to Main 
Memory under control of the M85. Simultaneous re 
quests for access into or out of Main Memory Store 
(MMS) by the CP or 10C are resolved by priority re 
solving means in the M88 in favor of the 10C; more 
over the M88 can reserve the MMS for the 10C even 
though the 10C is not currently requesting use of 
MMS. Priority is resolved by delaying a request for 
main memory by the CP for a time suf?cient to insure 
that the 10C gains control of the M88. 

16 Claims, 15 Drawing Figures 
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MEMORY STORAGE SEQUENCER 

RELATED APPLICATIONS 

l. “Buffer Store” invented by J. L. Curley, T. J. 
Donahue, W. A. Martland, and B. S. Franklin, ?led on 
same date as the instant application, having Ser. No. 
295,301 and assigned to the same assignee named 
herein. 

2. “Variable Masking for Segmented Memory" in 
vented by Wallace A. Martland and John L. Curley, 
?led on same date as the instant application, having 
Ser. No. 295,303 and assigned to the same assignee 
named herein. 

3. “Main Memory Recon?guration" invented by T. 
J. Donahue, John L. Curley, Benjamin S. Franklin, W. 
A. Martland, and L. V. Cornaro, ?led on same date as 
the instant invention, having Ser. No. 295,417 and as 
signed to the same assignee named herein. 

4. “Override Hardware for Main Store Sequencer" 
invented by Thomas J. Donahue, ?led on same date as 
the instant application, having Ser. No. 295,418 and 
assigned to the same assignee named herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to computer inter 

face systems between a Central Processing Unit (C?) 
or an Input/Output Unit (I/O) and Main Memory and 
/or Buffer Store, and more particularly to a Main Store 
Sequencer (MSS) for resolving main memory con?icts 
between the CPU and IOC. 

2. Description of the Prior Art 
In most computer systems generally, and in multipro 

cessor systems in particular, processors must compete 
with each other or with input/output devices for access 
to main memory or buffer store (if any), because a 
memory can generally service only one processor de 
vice at a given time. To resolve priority, several prior 
art schemes have been utilized. One technique tries to 
minimize simultaneous access to main memory by de 
creasing the probability of simultaneous access require 
ments. The memory is physically constructed in a num 
ber of separate, independent, relatively small modules 
of memory, and is provided with a centralized switch 
that can connect any memory module to any processor 
in accordance with the memory access needs of the 
processor. It can readily be seen that the more modules 
there are. the greater is the probability of a processor 
obtaining unimpeded access to a particular module it 
desires; thus a given processor’s performance is not de 
graded by interference from other processors. This 
scheme is utilized in part in the instant invention, but 
there are serious drawbacks to its use exclusively. For 
example, for a given total size of memory, if the mem 
ory modules are doubled, the physical hardware in the 
memory system practically doubles, even though the 
number of memory storage units (i.e. cores, ?ip-?ops) 
has not changed. 

In order to utilize the bene?ts of the above system 
and minimize its disadvantages one prior art system uti 
lizes a Memory Bus Controller (MBC) which acts as an 
arbitrator to resolve con?icts where more than one 
processor needs access to a particular memory module. 
The MBC contains four link ?ops for each memory 
module coupled to the MBC with priority logic asso 
ciated with each set of each link ?ops. The function of 
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the link flops is to indicate whether a particular module 
is busy or available. If the module is available, the pri 
ority logic associated with the link ?ops of that module, 
evaluates at each clock interval any processor requests 
for the module, and issues an acknowledgement to a 
selected processor and a start common to the memory 
module, thus connecting the two together for one 
memory accessing cycle. If two or more processors si 
multaneously request a given memory module, then the 
MBC resolves the con?ict on a predetermined priority 
basis (i.e. an lOC unit has priority over a CP unit) and 
one unit is selected to access the memory module 
whereas the other unit stalls or is placed in a “wait“ 
condition for one full clock cycle. In this prior art 
scheme priority is settled during one clock cycle. Once 
priority is settled another clock cycle is required for the 
“winner” to issue its Go signal. It is readily seen that a 
delay of at least one additional clock cycle is required 
to direct main memory that information is available 
and ready for its use. Moreover the hardware for this 
system is quite complex requiring a central timing 
clock, relatively complex priority logic, temporary 
memory ?ops to store request and acknowledge sig 
nals, and a relatively complex system (i.e. memory bus 
controller. ) 
Another more recent device is described in a US. 

Pat. No. 3,676,860 issued to W. W. Collier et al., enti 
tled Interactive Tie-Breaking System. It is a “multiple 
processor tie-breaking method separately and asyn 
chronously used by each of any number of plural pro 
cessors contending for a serially reusable resource 
(SRR). The contending processors independently and 
asynchronously interact in their use of the tie-breaking 
method to choose among themselves which processor 
will get the SRR. 
“The method uses a common group of registers (or 

?elds) accessible to all contending processors. The 
method permits uncoordinated fetching and storing of 
bits in those registers. Only one bit at a time need be 
fetched or changed by any processor. In fact, the plural 
independent processors can concurrently fetch or store 
the same bit in the common group of registers without 
affecting the reliability of the method. 
“The priorities among processors dynamically 

change with every contention in a manner which gives 
each processor an equitable and equal chance of get 
ting the SRR.” (Patent Of?ce, Of?cial Gazette, July 
l l, 1972; p. 789.) Once again, it appears obvious that 
relatively complex and highly sophisticated circuitry is 
required. 

Still another prior art device for determining priority 
is described in US. Pat. No. 3,473,155 and issued to J. 
F. Coulleir et al., on Oct. 14, i969 entitled Apparatus 
Providing Access to Store Device on Priority. in that 
device identi?cation of the highest priority channel 
currently requiring access to a communication link is 
made, whereby access to a communication link is pro 
vided for one link-cycle to the highest priority channel 
then in competition with other lower priority channels 
for access to the same communication link. (See also 
US. Pat. Nos. 3,490,003; 3,440,6l6). 
The majority of these devices have either one or all 

of the following disadvantages: complex and highly so 
phisticated circuitry, use of an additional central clock 
cycle, require temporary signal storage devices and 
also require a central clock. 
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The use of an asynchronous device for determining 
priority in accessing memory eliminates the need of a 
central timing means, but introduce signal race prob 
lems. For example, a signal such as a request for mem 
ory signal issued by an IOC may reach its destination 
at a later time than a request signal issued by the CP, 
even though both signals were issued simultaneously. 
This phenomenon is due to various minimum or maxi 
mum time delays that are encountered by a given signal 
in its path. This creates an uncertainty time region (i.e. 
circuit time skew) bounded by the total of minimum 
and maximum time delays that a signal encounters. 
This circuit time skew can have a range of 3-100 nano 
seconds, and creates an asynchronous network with 
this built in skew for such transmit/receive signals as 
request and acknowledge signals. Hence in an asyn 
chronous priority resolving scheme the circuit time 
skew must be neutralized so that access to memory is 
given to the device having the higher priority over a 
competing lower priority unit i.e. the higher priority de 
vice must always win the race as between two substan 
tially simultaneously issued requests from two separate 
units for access to main memory. Moreover this should 
be accomplished utilizing a minimum of temporary sig 
nal storage devices, relatively simple circuitry, and a 
minimum of central clock timing cycles. 

OBJ ECTS 

It is an object, therefore, of the invention to provide 
an improved memory sequencer. 

It is another object of the invention to provide a 
memory sequencer for processing information between 
main memory store (MMS) and a central processing 
unit (CPU) or input output control unit (IOC). 

It is still another object of the invention to provide a 
memory sequencer that resolves con?icts for memory 
access between competing units. 

It is still a further object of the invention to provide 
a memory sequencer that neutralizes the effects of cir 
cuit time skew and assures that the highest priority unit 
will gain ?rst access to main memory when simulta 
neous requests to access memory is made by competing 
units. 
Yet another object of the invention is to provide a 

memory sequencer that is reliable in operation and is 
relatively simple to manufacture and operate. 
Other objects of the invention will become apparent 

from the following description of the preferred embodi 
ment of the invention when read in conjunction with 
the drawings contained herewith. 

SUMMARY OF THE INVENTION 

The foregoing objects are achieved, according to the 
instant invention by an asynchronous Main Store Se 
quencer (MSS) for processing information between 
Main Memory Store (MMS) and a Central Processing 
Unit (CPU) or between MMS and an Input Output 
Control Unit (IOC). 
The MSS interfaces with four Main Memory Modules 

which may typically be two-way or four-way inter 
leaved. Information is processed typically from or to 
the CP via a high-speed low-capacity Buffer Store, 
whereas information from or to the IOC is processed, 
typically, direct to main memory under control of the 
M88. 
A main feature of the invention is the resolution of 

con?icts for access to main memory by conflicting 
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units, by delaying a request for memory by the lower 
priority unit for a length of time sufficient to insure that 
the higher priority unit gains control of the M88. Vari 
able delay line means in the M88 provide relatively 
simple hardware requiring a minimum of temporary 
signal storage means a minimum of request and ac 
knowledge lines and no central clock. 
Another feature of the invention is the inclusion of 

means that neutralizes the effects of circuit time skew 
and assures that the highest priority unit will gain ac 
cess to main memory when simultaneous requests to 
access memory is made by competing units. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is an overall block diagram showing the inven~ 
tion architecture. 

FIG. 2 is a block diagram showing interface lines be 
tween the invention and a typical memory module. 
FIG. 3 is a high level logic block schematic diagram 

of the invention. 
FIGS. 4A + 48 are high level block diagrams of the 

Main Store Sequencer. 
FIGS. 5A + 58 are detailed logic block diagrams of 

the priority resolving network. 
FIGS. 6A + 68 are detailed logic block diagrams of 

the override ascertain network, for ascertainity that the 
CPU or BS is overriden by the IOC in any override at 
tempt. 

FIG. 7 is a detailed logic block diagram of the module 
select network. 

FIG. 8 is a detailed logic block diagram of the address 
select network. 

FIG. 9 is a detailed logic block diagram of the assign 
ment flag and override network. 

FIG. 10 is a detailed logic block diagram showing 
various features of the invention. 
FIG. 11 is a detailed logic block diagram of the re 

con?guration network. 
FIG. 12 is a logic block diagram of IOC address am 

pli?ers. 
DESCRIPTION OF A PREFERRED EMBODIMENT 

GENERAL 

Referring to FIG. 1 there is shown a block diagram 
of the architecture of the invention. In general a Main 
Store Sequencer 4 has a Priority Resolver 9 for resolv 
ing conflicts between the Central Processing Unit 6, the 
Input Output Controller 7, and the Buffer Store 8, 
when these units simultaneously request access to main 
memory 100. The request for memory is under the con 
trol of a central clock (not shown) of the CPU 6. The 
requests from multiple units may be similar to the inter 
rupt operations described in columns 231-251 of US. 
Pat. No. 3,077,984, issued Feb. 19, 1973, and shown in 
FIG. I98 a of that patent. The requests termed inter 
rupts in that patent are stored in demand flip-?ops such 
as Lw or Ur of that patent. Upon the issuance of a tim 
ing or strobe signal Ti an instruction interrupt opera 
tion is excuted. Hence, all issuances of interrupts or re— 
quests have a common base point. Similarly, in this in 
vention, a common base point for issuing requests may 
be utilized using the PDA clock on FIG. 3 as a strobe 
unit. The actual resolution of priority is under the asyn 
chronous control of the Main Store Sequencer 4. Since 
a synchronous device (the DDA clock) is utilized to 
start a main memory request from any of the competing 
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devices, a common base point is provided for measur 
ing time thereafter. Hence, since it is desirable to pro~ 
vide memory access to the IOC which sometimes may 
be under conditions of simultaneous requests for main 
memory by the CPU and BS, and because the CPU and 
BS are physically closer to the main memory store, 
there is a greater distance for the request signal from 
the IOC 7 to travel and therefore the IOC request signal 
could reach its destination at a later time than the CPU 
request signal. To assure that this does not happen, 
variable delay lines 10, 11 and 12 are provided in the 
main store sequencer 4, and are interposed between 
the IOC, CPU and BS and the Main Memory Store re 
spectively. The Main Memory Store 100 is typically an 
MOS or core memory comprising typically 4 memory 
modules 0-3, daisy chained to each other by a memory 
bus 5. 
Referring to FIG. 2 there is shown the interface lines 

between a typical Memory Module 200 and the Main 
Store Sequencer 201. In FIG. 2 the number in paren 
thesis refers to the number of physical lines, in this em 
bodiment, provided for carrying a signal/or signals for 
indicating a particular function or functions. It is to be 
understood that other total numbers of lines may be 
used to practice this invention. 
There are typically 64 parallel bidirectional Data 

lines 202 which may carry positive pulses to be stored 
and/or utilized by the processing unit as a result of a 
read request. These Data lines also may carry voltage 
levels to be stored in an addressed memory module 200 
as a result of a write request. Transfers of signals on 
these lines for a double-word (A byte is 8 bits. A write 
to MMS may be 0 to 8 bytes) is in parallel rather than 
serial or sequential mode. Associated with these data 
lines there are 8 parallel bidirectional Data Parity lines 
203 for carrying signals for determining the parity of 
the data transmission. Odd parity is utilized. 
There are 4 module strobe lines herein termed Go 

lines 204 which may carry Go signal levels which along 
with other signals indicate which memory module is to 
be accessed. In general the Go signal is utilized to indi 
cate that all information needed by the MMS has been 
placed on the interface for the disposal of the MMS. 
There are typically 8 Write Mask lines 206 which 

may carry signals to specify which byte or bytes (if any) 
within an eight byte double-word is/are to be written 
into main memory. Associated with the Write Mask 
lines there is also 1 Write Mask Parity line 205 utilized 
to carry a signal for checking the parity on the 8 Write 
Mask lines. 
One IO reservation line 207 may carry an [/0 cycle 

reservation signal for use in blocking a refresh cycle in 
the MOS memory refresh logic. (See Application Ser. 
No. 2 I 5,736, ?led I2/27/7l on Technique for Refresh 
ing MOS Memory and assigned to the same assignee as 
the instant invention for typical MOS memory refresh 
logic.) 
There are 22 Address Lines 209 for addressing any 

double-word location within a given memory module. 
Associated with these address lines there is a read/write 
line 208 for carrying signals indicating to the memory 
module the type of operation it is to perform i.e. read 
or write. Also associated with the Address lines there 
are three Address Parity lines 210 for carrying the sig 
nals utilized in checking parity of a given address in a 
main memory module. 
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6 
One Abort line 211 carries a signal indicating that the 

processor wishes to change its memory write request to 
a memory read operation. There is also one Initialize 
line 22 that carries a signal which forces all memory 
modules to reset all their error indicators, counters, 
and controls. 
Three other lines, the Encoded Mode Request line 

213 carry encoded signals requesting memory module 
operation in a special mode e.g. diagnostic mode. One 
Read strobe line signi?es that read data on the data 
lines 202 is valid when a parity signal is carried thereon. 
A memory acknowledge line 215 is provided for signal 
ing to the memory interface unit ( MIU) to indicate that 
the selected memory module has received the request 
sent and is accepting it and therefore the MIU can re 
lease its Go, Address, Masks, and/or Read/Write lines 
that it may be holding. 
Four Module Busy lines 216 are also provided, one 

for each memory module for carrying signals that indi 
cate to the main store sequencer that the memory ad 
dressed is busy (i.e. in the middle of a cycle) when a 
negative signal is carried by a module busy line asso 
ciated with the memory module addressed. 
One Single Error Correction line 217 may carry posi 

tive pulses that indicate that a single bit data error has 
been corrected in a memory module. Another line, the 
Retryable Error line 218, indicates a memory error 
which is retryable by the CP or IOC has occurred e.g. 
error in any parameter except MMS clock whereas still 
another line, the Non-Retryable Error line 218 indi 
cates that a memory error which is not retryable by the 
CP or IOC has occurred e.g. MMS clock. A Write Can 
celled line 220 indicates that the memory module ad 
dressed changed a write request to a read operation 
when a positive pulse appeared on the Write Cancelled 
line 220. Finally the last line on FIG. 2 is an Error 
Strobe line 221 which is utilized when a positive pulse 
is thereon to latch error signals in the CP, IOC, or BS. 

Referring to FIG. 3 there is shown a high level logic 
block diagram of the invention. The MSS 300-A is part 
of the Memory Interface Unit MIU shown on FIG. 3 of 
the above referenced related US. Pat. Application Ser. 
No. 295,301. The Main Store Sequencer (MSS) 300—A 
is coupled to and communicates to Main Memory Store 
(MMS) 300~B via the lines discussed supra in relation 
to FIG. 2. For the purpose of simplifying the explana 
tion of the structure and operation of the invention 
FIG. 3 has been stripped of details that are to be shown, 
and described later in conjunction with other Figures 
below. The MSS 300-A comprises basically a Priority 
Resolver 307 which is coupled to Input/Output Control 
unit (IOC) 301, Buffer Store (BS) 302, and Central 
Processor Unit (CPU) 303 via Go lines and variable 
delay lines 304, 305 and 306 respectively. The Priority 
Resolver 307 basically senses the Go signal, sent by the 
IOC, BS, or CPU, which arrives first and assigns the 
M88 on that basis. In the situation where there is a si 
multaneous request from the IOC, BS and CPU as de 
termined by the central clock (not shown) in the CPU, 
the variable delay lines 304, 305 and 306 provide an 
appropriate delay to ascertain that the request from the 
10C 301 reaches the Priority Resolver 307 before the 
request of the BS 302 or the CPU 303. Once the re 
quest for a given memory module from a particular unit 
reaches the Priority Resolver, the M88 300-A is given 
to that particular unit, and the competing units are 
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locked out. Once a particular requesting unit (e.g. the 
IOC) has gained control of the MSS the Go signal is 
forwarded to an appropriate Memory Module Select 
Device 350 typi?ed here by AND gate 308, and ampli 
?er 309. The memory module select device only one of 
which is shown on FIG. 3 will be enabled when the ap 
propriate signals are applied to the input of AND gate 
308. Some typical signals that must be high for enabling 
AND gate 308 are as follows: ( l ) a signal indicating the 
memory module that is desired, (i.e. module address) 
( 2) a signal indicating that the memory module desired 
is not busy, (3) a signal indicating which unit has been 
assigned control of the MSS, (4) and of course the Go 
signal. When the memory module select device 350, 
typi?ed by AND gate 308 and ampli?er 309, is en 
abled; the Go signal is then forwarded to the selected 
memory module to be received by a ?rst Receiver Unit 
351 typi?ed by AND gate 319 and ampli?er 320. When 
the ?rst Receiver Unit 351 is enabled, the signal from 
it is applied to one input terminal of an Acknowledge 
Unit 355 typi?ed by AND gate 325 and fast line driver 
326. The other input signal to the Acknowledge Unit 
355 issues from Memory Timing Unit 322, which pro 
vides an enabling signal to Acknowledge Unit 355 
when the MMS 300-B is not in the process of refresh 
ing itself. (See previously referenced application Ser. 
No. 2l5,736 for memory refresh apparatus and logic.) 
When both input signals to AND gate 325 of Acknowl 
edge Unit 355 are high, the Acknowledge Unit is en 
abled and issues an acknowledge signal to the MSS 
300-A indicating that it has received its appropriate Go 
signal and is working on its request associated with that 
Go signal. The acknowledge signal is received by a sec 
ond Receiver Unit 352 which ampli?es it and distrib 
utes it to a current MSS Busy Network 316, and a Cur 
rent Memory Bush Network 317. Networks 316 and 
317 are further coupled to Priority Resolver 307 for 
transmitting information thereto pertinent to the cur 
rent state of memory future-use by the priority resolver 
in resolving con?icts and priorities. The acknowledge 
signal is also distributed back to the user i.e. IOC, BS, 
or CPU to indicate to the user that its request and all 
information associated therewith has ben accepted and 
therefore the user may change requests and associated 
information. 
The receipt of the acknowledge signal by the second 

Receiver Unit 352 is followed by a signal on Memory 
Busy Unit 353 typi?ed by AND gate 310 and ampli?er 
31 l. The memory busy signal is generated by Memory 
Bush Generator 354 which receives its input informa— 
tion from Memory Timing Unit 322. The Memory Tim 
ing Unit, on the other hand, receives the Go signal is 
sued by the user via delay line 331 and Lockout unit 
321. The purpose of the Lockout unit is to prevent ac 
ceptance of another Go signal and to Lock-out another 
user from that particular memory module selected, 
while the ?rst user is utilizing it. Once the Lockout Unit 
321 is enabled, and the Go signal is received by Ac 
knowledge Unit 355 as one input terminal of AND gate 
325, the acknowledge signal can be issued when the 
other input terminal of AND gate 325 is driven high by 
a signal issued by Memory Timing Unit 322. 
Data lines etc. (shown on FIG. 2) couple the IOC, 

BS. and CPU to the MMS 300-B via the MSS 300-A. 
Two such lines are shown for each unit on FIG. 3 al 
though it is understood that they encompass all the 
lines of FIG. 2. Assuming that the IOC desires to per 
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8 
form a write cycle into an addressed location of a par 
ticular memory module; then the data is applied to the 
appropriate Data lines, moreover the write-?ag signal 
is applied to the Read/Write lines, the appropriate ad 
dress signals where data is to be stored is applied to the 
Address lines; and the appropriate portions (i.e. bytes) 
of data to be written into the selected address is se 
lected by applying the appropriate signals to the Write 
Mask lines, 206 and ?nally if more than one cycle is de 
sired by the IOC a signal is applied to the IO Reserva 
tion line 207. When all these signals have been applied 
and have been checked for validity and the selected 
MMS module is not busy, then the Go signal of the IOC 
is allowed to be sent to the MMS indicating that all in 
formation is on the lines. 
On a read cycle, similar lines are utilized; however a 

Strobe Unit 357 is located in MMS 300—B is enabled to 
indicate the information is available from the MMS. 
When AND gate 329 and ampli?er 330 of Strobe Unit 
357 is enabled the information on the group of Data 
lines, etc. is routed to Steering Unit 318 which directs 
the information to the appropriate requesting unit (the 
IOC In this case). 

Referring now to FIGS. 4A and 4B there is shown an 
overall block diagram of the Main Store Sequencer. In 
order to view the Main Store Sequencer in proper per 
spective FIG. 4A should be viewed in conjunction with 
FIG. 4B, and with FIG. 4A being placed on the left of 
FIG. 413. Three connectors 401, 402, and 403, receive 
signals from the IOC, the CPU and the buffer store (not 
shown in this Figure) respectively and distribute these 
signals to various elements of the MSS. Three connec 
tors 404, 405 and 406 receive signals from the MSS 
unit and distribute these signals to the IOC, to the CPU 
and to the buffer store respectively. A connector 433 
receives signals from various elements of the MSS and 
delivers them to main memory, not shown; while an 
other connector 435 receives signals from main mem 
ory and delivers them to the MSS. 
Assume that it is desired to perform a write operation 

into main memory from the IOC. Certain start parame 
ters in the form of electronic signals are applied to the 
MSS via the IOC connector 401. The start parameters 
may include data signals, address signals, write mask 
signals and data parity signals. The address signals are 
applied to the main memory via an address select 
switch 411. Data from the IOC is transmitted via con 
nector 401 to IO/CP Write Switch 428 and bidirec~ 
tional bus 434. The data is checked for parity errors by 
parity checker 408 and is sent to the lO/CP Write 
Switch on its way to the bidirectional bus 434. Also the 
address information is checked for address parity er 
rors by IOC Address Parity Checker 409, and is for 
warded to the main memory via Address Select unit 
411 and bus 433. If a data error is detected, a Write 
Abort signal is sent to the MMS. Write mask informa 
tion is also applied to the connector 401 from the IOC 
and delivered to CP/IOC Write Mask Information 
Switch 415 and Write Mask Parity Checker 407. The 
Write Mask Information is then applied to the bus 433 
via the switch 415 to indicate which of 8 bytes of data 
is to be written into memory. Simultaneously, the infor 
mation assumed for the example above and a Go signal 
is delivered to the MSS from the IOC to the connector 
401; whereupon the Go signal is applied to Priority 
Resolution Network 419 which in turn determines if 
the addressed memory module is busy or not and more 
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over arbitrates any simultaneous requests from other 
units and selects the particular memory module via 
Module Select Unit 420 and then informs the appropri 
ate module selected that the information is ready for its 
use. When the main memory has received the informa 
tion sent by the IOC an acknowledge signal is sent to 
the IOC via unidirectional bus 435, through IOC re 
ceivers 430 and connector 404. Moreover the main 
memory issues the appropriate module busy signal via 
unidirectional bus 435 to timing control 422. The tim 
ing control provides control functions such as deter 
mining when the write data is transmitted to the bus or 
when the error signals may be received from the main 
memory module via bus 435 and receivers 430, 431, or 
432. Write data operations are similarly performed by 
the CPU utilizing its respective write data information, 
write mask information, address information, parity 
checkers and Go signals. 

If it is desired that a particular unit such as the IOC 
perform a read operation the procedure is much like 
the write operation except that main memory will not 
write data and the Read-Write 208 signal will be false. 
The function of the Error Information Steering block 
423, FIG. 4B is the MIU error registers. The output of 
all the parity checkers in the MIU feed the input to 
error registers, one for the IOC and one for the 
CP/Buffer‘ The input to the register is strobed when the 
parity checker outputs are valid. If an error is detected, 
the error is stored in the register and the appropriate 
user is informed. The register can be read by the CPU 
on command. 
The MSS of FIGS. 4A and 48 has a recon?guration 

network 418 which is capable of changing the normal 
con?guration mode of main memory from a normal 
mode (i.e. a 4-way interleaved con?guration) to a 
recon?gured mode (i.e. 2-way interleaved mode). If 
there is a failure in any one memory module, the mem 
ory modules may be recon?gured so that at least half 
the memory capacity of the original system (i.e. ad 
dresses 0 to X/Z —1 where X equals original memory 
capacity) is assured to function correctly. The remain 
ing half of the recon?gured system also remains ad 
dressable (i.e. addresses X/2 to X-I) but access to this 
portion of the storage can produce unspeci?ed results. 
However this retention of full addressing to all of mem 
ory substantially aids in diagnostic procedures because 
a portion of the memory is utilized by the user whereas 
the memory containing a fault is utilized by the diag 
nostician. 
Referring to pages 19-21 of the above referenced pa 

tent application on “Buffer Store" to J. L. Curley et al. 
there is described in connection with FIG. 10 of that 
application the conventions for signal names, ascer 
tions, and negations etc. that is also utilized in this ap 
plication. FIGS. 5 through 7 will be described utilizing 
that convention. In addition the ?rst letter of the signal 
or function names generally indicate the signal origi 
nates as follows: 
N = Main Store Sequencer (MSS) 
B = Buffer Store (BS) 
U = A unit in the CPU 
M = either IOC or MMS. 
Referring to FIGS. 5A and 58 there is shown a de 

tailed logic block diagram of the priority resolving net 
work. With the conventions adopted and described in 
the prior referenced companion application and with 
the detailed logic block diagrams, taken together with 
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10 
the Glossary and de?nitions of the signal names, a per 
son of ordinary skill in the art can practice the inven 
tion. For example, referring to FIG. 5A assume that the 
M88 has received a timing signal NIOCTIO (i.e. IOC 
Go signal) as one of its inputs which is applied to AND 
gates 50lA and 541A. Assuming that the main memory 
is operating in normal mode; hence statement NRE 
CY34 (See Glossary) is not true and the signal NRE 
CY34 representing that statement is low, but signal 
NREGN34 applied to AND gate 540A is high since its 
representative statement is true. Moreover signal NBU 
FA20 is high since its representative statement Buffer 
is not the only user of the M88 allowed at this time is 
true. (It will be noted by referring to the Glossary and 
to the convention hereinbefore referenced that the 
statement NBUFA20 says buffer—BUF-is the only 
user—A (alone)—of the MSS—N-is not true—2—at 
the ?rst level—0—). With both input signals applied to 
AND gate 540A high, it is enabled and its output is ap» 
plied as one input of AND gate 541A. The other input 
of AND gate 541A is the signal NIOCT10 which is also 
high. With both inputs of AND gate 541A high then it 
too is enabled and the IOC Go signal continues through 
variable delay lines 543A and is applied to AND gate 
547A. AND gate 546A is high if the previous cycle was 
a write by the CP and it is low if the previous cycle was 
a read. One legged AND gate 549A has applied a signal 
NIRWSZO which indicates that the signal of the IOC is 
to be allowed if the IOC is to perform a read operation 
and the signal of the IOC should be blocked if the IOC 
is to perform a write operation. Assuming for the pur 
pose of this discussion that the IOC wants to do a read 
then the signal NIRWS20 is high and therefore AND 
gate 549A is enabled thus applying a second enabling 
signal to AND gate 547A. Therefore AND gate 547A 
is enabled and a high signal NIOCD10 (IOC Go signal 
delayed) results at its output. 
Examining other ?gures to determine where the sig 

nal NIOCDIO is applied it will be noted that it is ap 
plied to AND gate 606A and 608A of FIG. 7. Both of 
these AND gates are OR’ed to one input terminal each 
of AND gates 605A and 610A. Examining the input 
signals of AND gate 606A it will be noted that one of 
its input signals is NRECY13. This signal indicates 
Main Memory is in a recon?gured mode. Since how 
ever it has been previously assumed that memory is in 
a normal mode, the signal NRECYI3 on gate 606A is 
low. Because the input signal NRECN13 on one input 
terminal of AND gate 608A is high our attention is fo 
cused to AND gate 608A. So far therefore there are 
two high input signals on AND gate 608A-NRECN13 
and NIOCD10. I-Iowever examining the remainder of 
the input signals on AND gate 608A-i.e. MBA2740 
and MBA2840—it will be noted according to the con 
vention that has been adopted that the next to the last 
bit is even which indicates the signals MBA2740 and 
MBA2840 are high when the statement they represent 
is not true; therefore signals MBA2740 and MBA2840 
are low and AND gate 608A cannot be enabled. A 
search is instituted for other AND gates that have ap 
plied as inputs the signals NRECNI3 and NIOCD10. It 
is found that AND gate 620A has such input signals. 
Moreover it will be noted that there are two additional 
input signals MBA2740 and MBA2830, which indicate 
signals from the IOC to the main memory and are the 
address bits (i.e. bits 27 and 28) which select the main 
memory module desired. It will be noted further that 
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signal MBA2740 according to the convention that has 
been adopted and explained supra is not high since its 
representative statement is false as indicated by the 
next to the last bit which is even. Although the state 
ment representative of signal MBA2830 is true and the 
signal is high, AND gate 620A is not enabled; therefore 
once again the search for another AND gate with 4 en 
abling input signals, two of which are NRECN13 and 
NlOCDlO, is continued. It will be noted that AND gate 
62013 on FIG. 7 has all its input signals NRECN13, Nl 
OCD10, MNBA2730, and MBA2830, have their next 
to the last bit odd and represent statements which are 
true and therefore these signals are high. With all high 
inputs on AND gate 620B high, it will be enabled and 
will apply a high signal to one input terminal of AND 
gates 61613 and 6228 respectively. The other input sig 
nal on AND gates 6168 and 6228 respectively is 
MNBZ300 which makes the statement “Main Memory 
Module number 3 is not busy"; this statement is true, 
therefore the signal represented by this true statement 
(i.e. MNBZ300 is high) thus providing a second en 
abling signal for AND gates 616B and 6228. With both 
these AND gates enabled the MSS Go signal 
NMG0310 is generated (i.e. is high) and is available for 
signaling that the utilization of memory module num 
ber 3 (i.e. the fourth memory module) can be utilized. 
Thus it has been illustrated how the detailed logic block 
diagrams taken together in conjunction with the signal 
names and the convention adopted herein teach a per 
son of ordinary skill in the art to practice the invention 
without resorting to undue experimentation. 
Referring to FIG. SB there is shown circuitry that is 

utilized to block buffer and CP assignments when the 
IOC has gained control of the MSS, as was the case in 
the previous example. In particular the NMGO signals 
from the various main memory modules are collected 
by AND gates 515B-518B ?gured 5B and are OR’ed 
together and applied as one input signal of AND gate 
5758. This input signal is high when any one of the 
AND gates 5158-5188 is high. Other input signals to 
AND gate 5753 are applied through inverters 572B 
and 5748 through AND gates 5718 and 5748 respec 
tively. Hence for AND gate 575B to be disabled all 
input signals on AND gates 5718 and 5738 must be 
high or in the alternative both input signals on either 
AND gate 571B or AND gate 5733 must be high. With 
at least one input signal low on each of AND gates 
5718 and 5738 respectively and with at least one AND 
gate 5158-5188 enabled then AND gate 5753 is en 
abled and produces a signal NMSSZ10 which indicates 
that the MSS is busy servicing the 10C. The NMSSZ 
signal is latched high via AND gate S768 and remains 
high until the M85 completes servicing the 10C unit. It 
will be noted that the NMSSZ signal is utilized to either 
inhibit or allow a 00 signal issued by the buffer to a 
particular memory module as is shown on AND gates 
551A and 552A of HG. 5A. Similarly if the CPU or a 
unit in the CPU issues a Go signal indicated by signal 
UNMGO on AND gate 515A of FIG. 5A. a corre 
sponding NMSSZ signal (i.e. MSS busy signal) is used 
to inhibit or allow the CP Go signal on AND gate 521A 
of FIG. 5A. It can be seen therefore that the butter and 
the CPU are locked out when the 10C gains control of 
the MSS. 
Referring to FIG. 5A the recon?gured mode of mem 

ory may be set up when necessary and may also be uti 
lized by the 10C, the buffer or the CPU. For example 
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if the recon?gured mode were being utilized then a sig 
nal NlGORlO is generated at the output of amplifier 
504A when the signals NRECY34 and NlOCTli) are 
high at the input terminals of AND gate 501A. NRECY 
is the signal indicating that the reconfigured mode is 
being utilized when this signal is high and of course the 
NlOCT signal is a request signal by the 10C for the 
memory service. With high signals NIGOR and 
NRECY applied to two of the input terminals of AND 
gate 539A it is enabled when the signal NBUFA20 sig 
nal is also high. The statement representative of the sig 
nal NBUFA20 says that the only user permitted is the 
buffer store is not true. When this statement is true, the 
signal representative of this statement must be high to 
enable AND gate 539A. With the signal NBUFAZO 
high, then AND gate 539A is enabled which provides 
a high delayed input signal to AND gate 547A which 
in turn is enabled in a manner previously discussed and 
provides a high output signal NlOCD10. This signal is 
then applied to the appropriate selection circuitry to 
gether with the recon?gured mode signal NRECY and 
the address bits NBA27 and NBAZS for selecting a par 
ticular mode. The selection process is similar to the 
normal mode previously discussed. 
Once the MSS has been assigned to either the 10C, 

CPU or BS and competing units have been locked out 
as discussed supra the appropriate units must be noti 
fled of the assignments. To perform this task hardware 
is provided for generating assignment flag signals. (See 
FIG. 9) The assignment ?ag signals indicate that the 
CP, BS, or 10C has gained control of the MSS. 

Referring to FIG. 9 it will be shown by example how 
one of these assignment signals is generated. Three sig 
nals are applied to AND gate 639C—NCPOD10, Nl~ 
OCT21, NBMGOOO. According to our convention 
adopted for this instant application when the statement 
NCPOD is true (indicated by second to the last bit 
being odd) then the signal NCPODIO is high; when the 
statement NlOCT is not true (again indicated by an 
even number for the second to the last bit) then the sig 
nal MlOCTZl is high; similarly the signal NBMGO on 
the third leg of AND gate 639C is high when the state 
ment representative of that signal is not true i.e. when 
NBMGO is not present then that signal is high. (The 
statement or function representative by the signal 
NCPOD is the CP Go delay signal; the function or 
statement representative of NlOCT is the 10C Go sig 
nal derived from a timing signal; the function or state» 
ment representative of the NBMGO signal is the buffer 
Go signal). Gate 640C is enabled when the three sig 
nals NIOCA, NMlOR, NMSSZ are high. These signals 
are high when the statement representative of these sig 
nals are not true as indicated by next to last bit being 
even. The statement or function represented by signal 
NlOCA is IOC only; the statement or function repre 
sented by signal NMlOR is a request to reserve the 
MSS for the 10C even though the IOC has not issued 
a Go signal. When all these statements are not true then 
the signal representative of these statements applied to 
AND gate 640C are high. With these signals high AND 
gate 640C is enabled and applies a high signal as a 
fourth input to AND gates 639C and 643C. Hence 
AND gate 639C is enabled which applies a high signal 
to ampli?er 642C which in turn generates the NBU 
F015 signal which says that the statement is true that 
the MSS is assigned to the buffer and therefore the sig 
nal is high. The signal will remain high as long as the 








































